ABSTRACT -Background -Worldwide, gastric cancer is the fourth cancer in incidence and the second most common cause of cancer death. Gastric cancer is asymptomatic in the early stages and very often diagnosed at advanced stages, determining a dismal prognosis. Expression of the HER2 gene has been identified in about 20% of gastric cancer cases, and its hyper-expression is associated with poor prognosis. Objective -To investigate HER2 immunohistochemical expression in gastric adenocarcinoma and its relationship to the histological type and anatomic location. Methods -A cross-sectional retrospective study analyzed the immunohistochemical expression of HER2 in a sample of 48 specimens of gastric cancer. Immunohistochemical analysis were performed using avidin-biotin-peroxidase method with C-erb B2 (clone EP1045Y), as a primary antibody (Biocare Medical, USA). Standardized gastric adenocarcinoma's HER2 expression criteria has been used in the analysis of samples. Results -There were seven cases with reactivity for HER2. Five were of intestinal-type while two cases were of mixed-type in which the expression occurred in the intestinal component. It was identified a significant association of HER2 expression in the intestinal subtype of gastric adenocarcinoma (P=0.003).
INTRODUCTION
Worldwide, gastric cancer (GC) is the fourth cancer in incidence and the second most common cause of cancer death. GC is usually detected at advanced stages, determining an overall five year-survival rate of approximately 20% most countries, except in Japan where this rate is around 60% due to screening programs, staging systems and treatment (15) . In southern Brazil, GC is the fourth most common cancer in men (14,3/100,000) and the sixth in women (8,4/100,000) (6) . In the 25 years-period from 1986 to 2010, the prevalence of GC in the central region of Rio Grande do Sul State, the most southern Brazilian state, was 1.6% (19) . The HER1, HER2, HER3 and HER4 receptors (also known as erbB) were first identified in 1978. They are transmembranal protein-tyrosine kinases that bind to the epidermal growth factor -EGF -and other similar molecules. HER2 is a glycoprotein with 185kD product of the ERBB2 oncogene, which is located on the short arm of chromosome 17 (locus 21) (8, 20) . There are evidences that patients with gastric
IMMUNOHISTOCHEMICAL EXPRESSION OF HER2 IN ADENOCARCINOMA OF THE STOMACH
adenocarcinoma with positive HER2 expression have increased survival rate when trastuzumab is added to the chemotherapy regimen (2) . The aim of this study was to investigate the HER2 immunoexpression in 48 specimens of gastric adenocarcinoma, and additionally study the association of this expression with Lauren's histological subtypes and the anatomical location of the lesions.
METHODS
We selected 48 specimens of adenocarcinoma from patients who had undergone gastrectomy. We used the hematoxylin and eosin (HE) slides to identify representative tumor areas and select the paraffin blocks for immunohistochemical analysis.
The paraffin-embedded samples were cut in 3 μ thick sections, mounted on slides, fixed for two hours at 60ºC, and then deparaffinized in xylene and hydrated in a decreasing series of alcohol until water. After those steps, the endogenous peroxidase was blocked with 3% hydrogen peroxide in two 10-minute baths. Antigen retrieval was performed in a microwave oven DOI: 10.1590/S0004-28032015000200015 for 26 minutes at full power (800W), with the slides immersed in TRIS-EDTA (pH 9). Endogenous biotin and avidin were blocked using a commercial kit (DAKO) for 10 minutes, followed by rinsing sequentially in running water, distilled water and a PBS buffer. Slides were incubated overnight at a temperature of 4°C to 8°C in a humid chamber with the C-erb B2 primary antibody (Monoclonal antibody, clone EP1045Y, 1:150, Biocare Medical, USA) for 12 hours. This was followed by two 5-minute baths in PBS buffer and incubation with the universal biotinylated secondary antibody (anti IgG) for 30 minutes and two further 5-minute baths in PBS buffer. After that, the slides were incubated with the streptavidin-biotin-peroxidase for 30 minutes and rinsed twice in PBS buffer. The reaction was revealed using a solution of PBS with diaminobenzidine (DAB). The slides were counter-stained with Harris's hematoxylin, dehydrated in a graded series of alcohol, cleared in three xylene rinses and mounted using synthetic balsam.
We used Hofmann's criteria for immunohistochemical expression of HER2. Hoffmann's criteria is based on the percentage of cells with membrane-like staining (11, 12) . Grades are classified as follows: grade 0: no reaction or <10% reactivity in tumor cells; grade 1+: weak reactivity >10% of the tumor cells; with reactivity only in part of the membrane; grade 2+: moderate reactivity in >10% of the cells, with staining across the lateral and basolateral membrane: grade 3+: strong reactivity with intense staining of the lateral and basolateral membrane in >10% of the cells. We use breast cancer tissue HER2 positive as external positive control. We consider reactivity for immunohistochemistry cases with strong and moderatappo (2+/3+) intensity, and cases with low intensity and without reactivity as negative.
Cases that expressed grades 0, 1+ or 2+ had a second analysis to confirm the finding. In these cases, we performed a new immunohistochemistry assessment in a sample from different site of the tumor. All slides were examined by a pathologist with expertise in the pathology of the digestive tract (MPR).
The institutional Ethics Committee approved the study protocol under CAAE number 0115.0.243.000-11.
RESULTS
The sample consisted of 42 distal tumors and 6 proximal tumors. According to Lauren's classification 21 (P=0.003) . Of the six proximal lesions, only one (16.6%) expressed HER2. Of the 42 distal lesions, 2 were 3+ and 4 were 2+ (equivocal). There were no changes in the results of the repeated assessment for cases with grades 0, 1+ or 2+, therefore we did not see heterogeneity response in our sample. There was no statistical significance for the association of HER2 expression with anatomical location (P=0.88) ( Table 1) .
There was no association between HER2 status and tumor stage. Four cases with expression 2+ were in stages IB (01), II (01) and IIIA (02). Three cases with expression 3+ were in IB (02) and IV (01) (Figure 1 ). 
DISCUSSION
In the present study, we found an overall rate of 14.6% reactivity for HER2 immunoexpression. We found a significant association between HER2 expression in the intestinal subtype, while no association was found with the diffuse type. In both cases of the mixed type, only the intestinal component of the tumor was reactive for HER2.
Our findings are very similar to those found in most American and European studies, where the prevalence rates of HER2 range from 10% to 22.8%, with the intestinal histological subtype being predominant in all the studies. Regarding anatomical location similar finding have been reported, with no difference between proximal and distal tumor, as we have found in our study (3, 9, 10, 14, 18, 21) . Most studies conducted in Asia have also reported reactivity rates of 11.7% to 15.74%, similar to our findings, as well as the predominance of HER2 expression in the intestinal subtype (11, 16, 17, 22) . Only one study from Japan showed different prevalence of HER2 expression regarding to anatomical distribution. In that study, the prevalence of HER2 expression was found to be three times greater in proximal tumors (17) . ToGA trial was a phase III, randomized, controlled, multicenter study, designed to test the efficacy and safety of an anti-HER2 drug (trastuzumab) in association with chemotherapy for treatment of advanced gastric cancer. This trial showed that in patients whose lesions were HER2 positive the addition of trastuzumab to the basic chemotherapy regime increased the survival rate to 16 months compared with 11.8 months in patients submitted to chemotherapy regime alone. This study found a rate of 22.1% for HER2 expression. The expression of HER2 was higher in intestinal subtype lesions when compared with the diffused/mixed subtypes, similar to our findings. However, unlike our findings, this study found an increased expression of HER2 in proximal tumors. The low expression of HER2 in proximal lesions in our study could be explained by the small number of proximal tumors in our sample (2) . The higher prevalence of HER2 in the ToGA study in relation to our findings and those of other studies may be due to ToGA's design, where the goal of determining the effectiveness of trastuzumab in HER2 positive lesions may have led to an overestimation of the prevalence of HER2 in their results.
In Brazil, the first study conducted by Begmani et al. in 2005, analyzed the immunohistochemical expression in 462 cases and found the prevalence of HER2 expression in 12%. The HER2 expression was predominant in intestinal type, and they found no difference related to the anatomical site. Although that study showed results that are similar to ours, the frequency of HER2 expression may have been underestimated, since they used immunohistochemical grading score for breast cancer, in which the entire membrane should be stained, and not only the lateral and basolateral walls (5) . The second study conducted in Rio Grande do Sul by Cirne-Lima et al. in 2009 identified HER2 positivity in 5.4% of 37 cases. This low rate may be due to the immunohistochemical score used, the smaller sample and the low percentage of the intestinal subtype (7) . Our study, in addition to using HER2 gastric immunohistochemical criteria (that are specific criteria for the analysis of gastric cancer) has an equivalent percentage of intestinal and diffuse tumors, thus avoiding the predominance of a histological subtype, which would probably influence the expression of HER2. On the other side, three studies conducted recently in Brazil and using Hoffmann's criteria (1, 4, 13) found a global prevalence of 10% to 17%. This studies also found association of HER2 with intestinal subtype and only one, like ours, accessed but did not find association with the anatomical site (4) . Analyzing previous studies on the expression of HER2 separately in the intestinal and diffuse subtypes, we find a prevalence in intestinal type ranging from 6.1% to 28.57%, and in the diffuse type from 0.7 to 13,43% (3, 5, 7, 10-12, 16-18, 21, 22) . Kataoka and colleagues, in their review of mixed subtype specimens found results similar to ours and found HER2 expressed only in the intestinal component (16) . This finding supports the evidence that the expression of HER2 has a more consistent association with Lauren's intestinal subtype.
Our study has limitations inherent to retrospective studies. The small number of proximal cases may have biased the data regarding the association of HER2 expression with anatomical location. Another limitation is the non-use of the FISH technique to confirm the immunohistochemical expression of HER2 in cases classified as 2+ (equivocal). Cases classified as 2+, when evaluating gene amplification by FISH, the positivity rate ranges from 36.4% to 66%. This issue is relevant because only those cases with grades 3+ and 2+ that are positive for FISH present evidence of more benefit of adding trastuzumab to the chemotherapy regimen (2, 10, 15, 21) . With the advent of trastuzumab, it has become important determine accurately HER2 expression in gastric adenocarcinoma in order to identify patients who will benefit from its use. Therefore, we need new studies that aim to identify HER2 positivity in gastric cancer. Those new studies should adopt a prospective design and appropriate score for HER2 expression as well as the use of FISH for confirmation.
CONCLUSION
Our study demonstrated HER2 immunoexpression in 14.6% of gastric adenocarcinoma. The expression was predominant in Lauren's intestinal subtype. There was no difference in the expression related to anatomical location of the lesions or association with the clinical stage.
